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Pro‑ecological and conservation 
activities are not always beneficial 
to nature: a case study of two 
lowland streams in Central Europe
Janusz Golski *, Wojciech Andrzejewski , Maria Urbańska , Sławomir Runowski , 
Krzysztof Dajewski  & Lilianna Hoffmann 

Since 1990 and in particular, after the implementation of the Water Frame Directive, many positive 
effects of pro‑ecological projects are evident; unfortunately, examples of adverse effects have also 
been observed. This study aims to indicate how some ill‑considered actions, called “pro‑ecological”, 
may lead to habitat degradation and the disappearance of valuable hydrobiont species. Two 
watercourses, representing the lowland gravel stream and sandy stream type, were selected for the 
study. Literature indicated that in the past, these watercourses were characterized by an excellent 
ecological status and the presence of valuable rheophilic fauna and flora. Environmental parameters 
were recorded, macroinvertebrates and ichthyofauna were sampled and analyzed, and finally, 
indexes were calculated. The results were compared with literature data. In the course of studies 
conducted in 2011–2015, drastic habitat deterioration and extensive changes in the species structure 
of ichthyofauna and aquatic invertebrates were observed. Changes in the Smolnica stream have been 
caused by the three retention basins constructed in 2000, along the lower and middle course; while in 
Kiszewko, however, the factor for habitat deterioration was connected with the excessive expansion 
of the Eurasian beaver (Castor fiber), which created a beaver pond 20 m in width, with impoundment 
elevations of up to 2 m.

The negative environmental impact of human activity was particularly evident in the second half of the twentieth 
century. As a consequence of the rapidly increasing population and the related development of conurbations, 
industry, and agriculture, the resulting dramatically magnified anthropopressure has affected all elements of 
the  biosphere1–6.

Numerous studies have shown that by the beginning of the twenty-first century, over 50% of the world’s eco-
systems had been degraded by human  activity7. According to the European Red List of Freshwater  Fishes2, among 
all animal groups, it is fish that are most susceptible to negative impacts, with over 40% of species considered to 
be threatened. Awareness of the threat to the natural environment and the need to counter this process appeared 
as early as the late 1960s after the report “Problems of the human environment” by U. Thant; however, for many 
years, the actual effectiveness of the actions undertaken was  limited8–12.

Since the transformation of the political and economic system after the fall of communism in the early 
1990s in Central Europe, we have been observing a gradual increase in ecological awareness along with various 
ecologically-oriented actions aimed at improving environmental  quality13–16. These actions also concern aquatic 
ecosystems and focus, for example on the protection of valuable, endangered habitats and species, water retention, 
and improving water quality, with their number and scope increasing greatly since the accession of the former 
communist countries to the European Union in 2004 and the implementation of the Water Framework Directive.

The positive effects of ecologically-oriented actions are evident; unfortunately, we may also find examples of 
negative effects resulting from insufficient knowledge and the failure to comprise all components of the natural 
 environment9,10,17,18. Among decision-makers, we may frequently observe confusion concerning many concepts 
related to environmental protection, including nature conservation. This may lead to counter-effective actions, 
such as, e.g., the protection and promotion of one element of the environment, resulting in the deterioration of 
another. Activities labeled as eco-friendly may not always effectively protect all ecosystem  elements19,20.
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Counter-effective actions harmful to the environment include, for example, building small hydroelectric 
power plants on rivers that are particularly valuable in terms of nature, introducing alien species (especially fish, 
crayfish, and birds), and excessive protection of species that have a strong impact on other  populations18,20–24.

Our observations indicate that this problem often affects lotic ecosystems, as evidenced by the two streams 
described in this study. Towards the end of the twentieth century, within the program’s framework to increase 
water retention in forest areas, four retention basins were constructed along the lower and middle course of a 
small Smolnica stream. In Strumień Kiszewski, the population of the Eurasian beaver (Castor fiber L.), rein-
troduced in the later 1980s, increased rapidly. Both these phenomena were connected with the adverse habitat 
changes observed.

The idea behind the creation of artificial dams and the reintroduction of beavers which also dam the streams 
was to increase the retention in the forest and restore the endangered species, but the decision-makers did not 
take into account the fact that each dam, regardless they are artificial or built by beavers, changes the environ-
mental conditions in the adjacent sections.

Disturbed river continuum is considered to be a major factor negatively affecting species diversity and the 
potential for survival of valuable  species5,8,11,25–29. Hydraulic structures indirectly and directly affect the ecologi-
cal status and use the value of waters upstream and downstream of the damming. The most significant negative 
effects include changes in the character of these waters from flowing to stagnant; sanding, silting, or leaching of 
fine-grained fractions; fluctuations in water levels, reduction of microhabitat diversity; an increase in temperature 
and a decrease in oxygen content in the summer period; and deterioration of photosynthetic  conditions12,19,26,30–32. 
In the cases described, lowland streams were transformed into a sequence of lenitic reservoirs and short semi-
natural lotic sections or a series of widely spread ponds with a homogeneous flow and muddy bottom.

Among the positive effects of beaver activity, the most frequently mentioned aspects include increasing 
habitat diversity thanks to the division of the watercourse into lentic and lotic stretches, an increased density of 
 invertebrates33–36, as well as reduced sediment content, including that of some  biogenic37–39.

Negative opinions on beaver ponds are connected mainly with sanding and silting of their bottoms, dete-
rioration of physicochemical parameters, and water  stagnation33,38,40–42. In lowland rivers and streams, the 
formed ponds additionally cause an increase in temperature and a decrease in oxygen content in the summer 
 period40,41,43–45. In South America (Patagonia), the beaver is considered an invasive species, destroying the land-
scape by eliminating the forested riparian zone and digging out considerable amounts of sediments and peat 
 soils46.

This study aims to indicate how these ill-considered actions, focused only on one aspect of the environment, 
i.e., misjudged localization of technical small retention facilities and excessive species protection of the Eurasian 
beaver, may lead to habitat changes or even degradation and depletion of valuable plant and animal species. To 
achieve the aim of the research, the authors put forward the following research hypotheses: (1) the presence of 
retention reservoirs in small lowland streams causes far-reaching, negative changes in abiotic and biotic factors; 
(2) the uncontrolled growth of the European beaver population in small lowland streams causes far-reaching, 
negative changes in abiotic and biotic factors.

Material and methods
Strumień Kiszewski and Smolnica, two lowland streams located in the Natura 2000 Area: Puszcza Notecka 
PLB300015 (the Wielkopolskie province, Poland), flowing to the Warta River near Kiszewo and Wronki, were 
studied (Fig. 1). The Natura 2000 network consists of protected, naturally valuable areas located in the territory 
of the European  Union47.

The foundation for the decision to undertake this study was provided by a publication by  Iwaszkiewicz48, 
which stated that these small lowland streams, i.e., Strumień Kiszewski and Smolnica, were characterized by an 
excellent ecological status and the presence of valuable, sensitive to environmental condition rheophilic fauna 
and flora. Unpublished data from research catches conducted in the early 1990s (Andrzejewski et al. unpublished 
data) were also found and used. These data included environmental conditions and fish densities from a single 
survey.

Research conducted in 2011–2015 consisted of three stages: determination of parameters characterizing 
environmental conditions, collection of benthos samples, and catches of ichthyofauna. Each stream was divided 
into two sections differing in their modification rate (Fig. 1).

In Strumień Kiszewski (52.698974 N; 16.639779 E), analyses were conducted in the area of beaver dams (KI) 
and on a short reach downstream of the dammed section (KII). In Smolnica (52.747748 N;16.437018 E), the 
studied sections were located approx. 1 km below a retention basin (SI) and immediately below the retention 
basin (SII). All selected sections overlap entirely with the stretches studied by  Iwaszkiewicz48, while research 
points characterized a given section.

Hydromorphological (width, depth, flow) and basic physicochemical (temperature, oxygen content, con-
ductivity, pH) parameters were measured three times a year, while the bottom structure was determined yearly. 
These studies were repeated every year. Based on the received data, mean stream widths and depths were calcu-
lated, along with the ratio of mean width to mean depth and the proportion of gravel areas in the streambed of 
the analyzed watercourses. Values of temperature and oxygen content are given for the summer period, when 
environmental conditions are usually the worst, while conductivity and pH are presented for the entire research 
period (Table 2).

During environmental research, the species composition of aquatic vegetation was also determined, and the 
dominant species were given.

Every year, in the spring and autumn, samples of benthic macroinvertebrates were collected using a Surber 
sampler (1000  cm−2 sampling area and 0.5 mm mesh size). On each occasion, two samples were taken from 



3

Vol.:(0123456789)

Scientific Reports |        (2023) 13:15578  | https://doi.org/10.1038/s41598-023-42555-7

www.nature.com/scientificreports/

shallow and deep water from one station of each section. The density of invertebrates (individuum.m−2), domi-
nance structure (percentage share in the number D%), the Shannon–Wiener diversity index, and the BMWP 
score were calculated. The value of the diversity index is influenced by the number of taxa and the evenness of 
their share in the abundance. It ranges from 0 (low diversity) to 1 (high diversity)49,50. The BMWP score is the 
biotic index, using indicator taxa of aquatic invertebrates, assigning values to groups, usually families, ranging 
from 0 to 10, depending on their sensitivity to environmental changes. This index ranges from 0 (bad quality) 
to over 100 (very good quality)51. In the source  publication48, higher taxonomic groups of invertebrates (class, 
subclass, ordo, family) have been identified, and therefore similar accuracy has been retained in this paper.

Catches of fish using an impulse fishing device IUP 12 (1.5 kW, 3A, 220 V) were performed every year in 
September, with all the caught fish released on-site following the identification, counting, and weighing. Each 
section had a single experimental segment of 200 m in length. During earlier studies, samples were also col-
lected by electrofishing comparably. Fish species were ordered in terms of their affiliation to reproduction groups 
according to the division proposed by  Balon52. Fish density was expressed in the number of specimens per 100 
square meters of the stream bottom. Based on the collected data, the calculated parameters included the domi-
nance structure (D%), the Shannon–Wiener diversity index (H)49,50, as well as the EFI + index. The European Fish 
Index is an advanced biotic multi-index that uses fish indicator species (sensitive to environmental conditions) 
to assess the ecological status of  watercourses53. The system compares the existing values (from the survey) with 
the reference values characteristic for watercourses not subjected to anthropopressure. It takes values from 0 to 
1, which allows the stream to be classified into one of five quality classes—from I (0.911–1.00; very good quality) 
to V (0.000–0.252; bad quality).

Figure 1.  Location of the research site. Boxes with abbreviations indicate the location of the sections where the 
research was conducted, while the dotted lines indicate the location of the beaver dams.
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Results were compared to a study by  Iwaszkiewicz48 and unpublished data collected by the authors in 1992. 
The species composition of assemblages at individual locations analyzed in 1965 and 2013 was compared using 
the analysis of faunistic similarity according to the Jaccard formula both in qualitative and quantitative  terms54–56. 
The species number and the density of macroinvertebrates and fish at individual sites were used for the analyses. 
Calculations were conducted using agglomerative hierarchical clustering (complete linkage) with the XLSSTAT 
2016 program, and the results were presented as dendrograms.

Results
Changes in environmental conditions in analyzed watercourses. Strumień Kiszewski, analyzed 
in the 1960s by  Iwaszkiewicz48, was characterized by diverse channel morphometry and slight relative channel 
shallowing (Tables 1 and 2). A considerable part of the bottom area was covered with gravel, with only a small 
portion of sand and mud. Aquatic vegetation was represented by watercress (Nasturtium officinale) and cutleaf 
water parsnip (Berula erecta). In summer, water temperature did not exceed 13 °C, while oxygen content fluctu-
ated around 10  mgl−1 (Table 2).

The next round of studies was conducted in the early 1990s, several years after the reintroduction of the 
Eurasian beaver. Compared to the previous period, watercourse depth decreased, and simultaneously there 
was a slight increase in channel width, which resulted in an increase in the W/D ratio. The most significant 
changes affected the bottom substrate, in which gravel content decreased markedly while amounts of sand and 
mud increased. The values of physicochemical parameters were close to those given by  Iwaszkiewicz48 (Table 2).

Drastic changes in environmental conditions were observed during the last study, over twenty years after 
beaver reintroduction (Table 2). Over almost the entire watercourse length in the KI section, numerous beaver 
dams over 1.5 m in height were located. As a result, the mean watercourse width increased more than 12-fold, 
while depth increased twofold in relation to output data. An almost imperceptible water flow was observed. 

Table 1.  Evironmental parameters in analyzed watercourses (catchment parameters).

Parameter Kiszewko Smolnica

Total length [km] 4.5 19

Linear length [km] 1.6 5.7

Stream development [%] 35.5 30.0

Catchment  [km2] 32.1 81.6

Headwaters [m a.s.l.] 69.0 66.5

Mouth [m a.s.l.] 42.7 42.7

Slope [‰] 1.71 0.8

Table 2.  Changes in environmental parameters in analyzed watercourses in the years 1964–2015 
(hydromorphometric and physicochemical parameters). W/D ratio—the ratio of mean width to mean depth; 
bottom substrate: G—gravel, S—sand, M—mud; aquatic vegetation: NO—Nasturtium officinale (Watercress), 
BE—Berula erecta (Cutleaf water parsnip), LM—Lemna minor (Common duckweed), CD—Ceratophyllum 
demersum (Rigid hornwort), R—Ranunculus sp. (Water crowfoots), EC—Elodea canadensis (Canadian 
waterweed). *In 1992, the environmental parameters were measured only once, in the summer. 1 Values of 
temperature and oxygen are given for the summer period. 2 Values of conductivity and pH for the entire 
research period.

Depth [cm]
Max./mean

Width [m]
Range average W/D ratio

Mean flow 
[cm  s−1]

Bottom 
substrate [%]

Aquatic 
vegetation

Catchment 
land use

Temperature 
 [oC]1 
Range
average ± SD

Oxygen 
[mg  l−1]1 
Range
average ± SD

pH2 
Range
average ± SD

K
1964 42/26 1.1–1.4

1.2 5 30 G75S20
M5

+
NO, BE Forests 12.8–13.3

13.1 ± 0.21
9.4–9.8
9.6 ± 0.24

7.6–7.7
7.7 ± 0.06

K*
1992 18/12 1.4–2.0

1.6 13 No data G35S60
M5

++
? Forests 13.2* 8.1* 7.1*

KI
2015 84/46 5.0–21.0

15.0 32 2 M100 +++
LM, CD Forests 13.8–16.3

15.0 ± 1.22
0.5–2.1
1.3 ± 0.84

6.5–6.6
6.6 ± 0.09

KII
2015 36/17 1.0–1.4

1.2 7 36 G15S80
M5

+
CD, EC Forests 13.7–14.6

14.1 ± 0.41
5.2–6.1
5.6 ± 0.44

7.1–7.4
7.2 ± 0.13

SM
1964 65/39 1.3–2.4

2.0 5 40 G65S25
M10

+
R Forests 13.1–13.6

13.3 ± 0.22
9.2–9.8
9.5 ± 0.28

7.7–7.9
7.8 ± 0.09

SM*
1992 50/30 2.2–4.3

3.1 12 50 G60S30
M10

 + 
? Forests 12.0* 9.5* 7.2*

SMI
2015 73/29 2.4–5.0

3.9 12 36 G30S65
M5

 + 
BE, ETC Forests 13.9–17.0

15.2 ± 1.35
5.4–7.7
6.8 ± 0.98

6.9–7.4
7.2 ± 0.22

SMII
2015 62/24 2.5–4.7

3.8 16 39 G10S85
M5

 + 
EC Forests 16.7–17.8

17.2 ± 0.48
4.9–6.6
5.6 ± 0.74

7.6–7.7
7.6 ± 0.05
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The entire bottom area was covered by a layer of organic matter which was max. 0.5 m deep. Aquatic vegetation 
was found in considerable densities and was represented by common duckweed (Lemna minor) and hornwort 
(Cerathophyllum demersum). Water temperature did not change, although it must be stressed that were was 
a notably decreased oxygen concentration during the summer period. The lowest observed values oscillated 
around 1  mgO2l−1.

Before the construction of the retention basins, Smolnica, similar to Strumień Kiszewski before beaver rein-
troduction, was characterized by diverse morphometry and flow, the predominance of gravel in the bottom sub-
strate, and very good physicochemical indexes (Table 1). Water crowfoot species (Ranunculus spp.), entered on 
the Critical List of Vascular Plants of  Poland57, were also reported. In Smolnica, 50 years later, the natural channel 
profile was found only over a short, 3-km-long stretch; however, studies showed an almost twofold increase in 
width in relation to 1964 and a simultaneous shallowing of the watercourse. The most evident changes include 
a reduced share of gravel in the bottom substrate at an increase in the share of sand, the disappearance of water 
crowfoots (Ranunculus spp.), and the appearance of Canadian waterweed (Elodea canadensis). The temperature 
in the summer period also increased along with a simultaneous decrease in oxygen content.

Changes in the macrozoobenthos species structure. In 1964 in each of the streams, a total of 10 
taxa were reported, found at large densities, considerably exceeding over 5000 ind.m−2 (Table 3). Among mac-
rozoobenthos organisms, Gammarus species and black flies (Simuliidae) predominated, while other stenotopic 
groups were also present, such as stoneflies (Plecoptera), mayflies (Ephemeroptera), caddisflies (Trichoptera), in 
the absence of Asellidae and Oligochaeta (Fig. 2). Diversity indexes and cumulative BMWP scores in the inves-
tigated watercourses amounted to 0.6 and 51, respectively.

In 2015 in Strumień Kiszewski, only two taxa were identified within the area of the beaver dams (KI), found 
in 1/100 densities compared to the 1964 data (Table 3). This is reflected in the low values of the diversity index 
and BMWP values. Another situation was observed immediately below the dammed stretches (KII); four taxa 
were identified, including the waterlouse (Asellus aquaticus) and the sludge worm (Tubifex tubifex).

In Smolnica, depending on the distance from the dams, a total of 7 (SMI) and 6 taxa (SMII) were identified 
(Table 3). Grammarus predominated in both locations, although at much lesser densities than at the previous 
date, while at SMII oligochaetes were co-dominants.

Cluster analysis showed a 100% qualitative faunistic similarity of the two unmodified habitats and an almost 
50% quantitative similarity (Fig. 3). Another group identified in that analysis comprised modified stretches of 
Strumień Kiszewski (KI, KII), which differed markedly from the other stretches. Regarding the number of species, 
the similarity of these two habitats to the others amounted to 19%, while in terms of density, it was 6% in relation 
to SMII and 0% to the others. The SMI location showed a more remarkable similarity to the unmodified stretches.

Changes in the ichthyofauna species structure. Analyses of ichthyofauna conducted in Strumień 
Kiszewski in 1964 and 1992 gave similar results. Three rheophilic species were identified, including the brown 
trout and the European brook lamprey, indicating low species diversity values. Based on the EFI+ index, the 
stream may be classified as the salmonid group in ecological class II. In 2015 no fish were found in the stretch 

Table 3.  Density (average ± SD) of macroinvertebrates, species diversity, and BMWP score at studied locations 
at two measurement dates. *In the paper of  Iwaszkiewicz48, only single individuals of molluscs and snails are 
mentioned, therefore for these taxa, the smallest densities obtained during the own study are given. Reophilic, 
stenotypic taxa, with high environmental requirements are marked.

No Taxon

1964 2015

K SM KI KII SMI SMII

ind.m−2 ind.m−2 ind.m−2 ind.m−2 ind.m−2 ind.m−2

1 Gammaridae 3433 ± 1517 2463 ± 1667 23 ± 14 49 ± 13 1428 ± 228 571 ± 237

2 Ephemeroptera 257 ± 103 400 ± 273 0 0 12 ± 9 0

3 Plecoptera 306 ± 379 24 ± 48 0 0 0 0

4 Chironomidae 757 ± 1202 1060 ± 533 46 ± 7 41 ± 6 107 ± 69 113 ± 66

5 Simulidae 89 ± 113 2738 ± 3150 0 0 107 ± 119 0

6 Diptera varia 687 ± 495 158 ± 182 0 0 214 ± 174 103 ± 51

7 Trichoptera 33 ± 11 89 ± 95 0 0 104 ± 93 0

8 Coleoptera 123 ± 74 7 ± 13 0 0 0 0

9 Asellus sp. 0 0 0 138 ± 45 0 71 ± 61

10 Bivalvia 7* 7* 0 0 18 ± 15 0

11 Gastropoda 7* 7* 0 0 0 36 ± 28

12 Oligochaeta 0 0 0 7 ± 4 0 179 ± 59

Total 5685 ± 2272 6954 ± 4191 69 ± 21 235 ± 49 1990 ± 419 1073 ± 396

Number of taxa 10 10 2 4 7 6

Diversity H 0.57 0.59 0.28 0.46 0.44 0.60

BMWP 51 51 9 14 33 20
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of the watercourse within the area of beaver dams, while immediately below the dammed sections, four species 
were reported, with the dominance of stagnophilic. The only rheophilic species was the European brook lamprey.

During the first study on Smolnica, a total of seven species were reported, among which stenotypic fish of high 
environmental requirements predominated (Table 4, Fig. 4). In that period, the highest Shannon–Weaver index 
and EFI + values were also recorded. After more than 30 years, the population size of the brown trout increased, 
while that of the bullhead and stone loach decreased. In 2015 among indicator species, only the European brook 
lamprey was reported, while eurytopic fish appeared, i.e., the roach (Rutilus rutilus) and the gudgeon (Gobio 
gobio), which dominated the ichthyofauna (Fig. 4).

In the case of ichthyofauna, cluster analysis showed a much lesser degree of faunistic similarity than in the 
case of macroinvertebrates (Fig. 5). Unmodified habitats (SM, K) were most similar qualitatively, as their simi-
larity index was 43%, while they differed markedly from the other habitats. Another group comprised modified 
stretches KII and SMII. The section within the area of beaver dams differed from the other stretches by 100% 
due to the absence of fish.

Discussion
Results of analyses of hydromorphological and physicochemical parameters clearly indicate a considerable habitat 
transformation, which occurred within a relatively short time after the reintroduction and uncontrolled increase 
in the beaver population in Strumień Kiszewski and after the construction of retention basins on Smolnica. At 
this point, it should be emphasized that both activities led to the fragmentation of watercourses and almost the 
same negative changes. In the studied streams and their catchment areas, no other negative impacts, such as 
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sewage inflow, agriculture, or forest management, could change the environmental conditions—there are no 
other pressures that affect the tested parameters.

Most cited authors are of the opinion that beavers in flowing waters cause far-reaching changes in hydro-
morphological, geomorphological, and physicochemical conditions; however, a definite assessment of these 
changes—whether they are positive or negative—raises certain  controversies33,34,36,58–63. According to the authors 
of this study, Strumień Kiszewski is an example of lotic habitat degradation. The activity of a large beaver popu-
lation destroyed the transitional zone, reduced the heterogeneity of microhabitats, and caused silting of gravel 
pits and oxygen depletion in the summer.

Table 4.  Density (average ± SD or total) of ichthyofauna, species diversity, and European Fish Index at studied 
locations at three measurement dates. 1 Average ± SD density of catches; 2total density from the single catch. In 
1992 only a single catch was made. Reophilic, stenotypic species, with high environmental requirements are 
marked.

No. Species

Strumień Kiszewski Smolnica

1964 1992 2015 2015 1964 1992 2015 2015

K1 K2 KI1 KII1 SM1 SM2 SMI1 SMII1

ind.*100  m−2 ind.*100  m−2

1 Brown trout (Salmo trutta m.fario Lin-
naeus, 1758) 9.4 ± 14.95 4

No fish

0 2.1 ± 1.18 4.2 0 0

2 Roach (Rutilus rutilus Linnaeus, 1758) 0 0 0 0 0 1.7 ± 0.24 0

3 Pike (Esox lucius Linnaeus, 1758) 0 0 0 0.32 ± 0.16 0 0 0

4 Tench (Tinca tinca Linnaeus, 1758) 0 0 0.6 ± 0.21 0 0 0 0

5 Prussian carp (Carassius gibelio Bloch, 
1784) 0 0 3.7 ± 0.71 0 0 0 0

6 Stone loach (Barbatula barbatula Lin-
naeus, 1758) 4.8 ± 3.37 0.4 0 2.1 ± 1.49 0 0 0

7 Gudgeon (Gobio gobio Linnaeus, 1758) 0 0 0 0 0 2.4 ± 1.07 1.4 ± 0.70

8 Three-spined stickleback (Gasterosteus 
aculeatus Linnaeus, 1758) 0 0 0 4.0 ± 2.45 5.1 0 0

9 Nine-spined stickleback (Pungitius 
pungitius Linnaeus, 1758) 1.5 ± 1.04 0 3.6 ± 0.99 0 0 0 0

10 Bullhead (Cottus gobio Linnaeus, 1758) 0 0 0 3.5 ± 0.88 0.5 0 0

11 European brook lamprey (Lamperta 
planeri Bloch, 1784) 1.5 ± 0.49 0.4 0.6 ± 0.14 1.1 ± 0.64 0.2 1.2 ± 0.28 0

Total 17.2 ± 18.07 4.4 8.5 ± 1.56 13.1 ± 3.59 10.0 5.2 ± 1.49 1.4 ± 0.70

Number of species 4 3 4 6 4 3 1

Diversity 0.39 0.24 0 0.48 0.66 0.41 0.46 0
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The effect of watercourse partitioning and damming is relatively well-known, and the opinions of hydrobiol-
ogists on the subject are unanimous. Despite numerous studies and increased environmental awareness, small 
watercourses are still perceived as those which may be easily transformed for economic  purposes4. As a result, 
streams are eliminated from the landscape due to the construction of ponds and retention basins or drainage and 
elimination of washlands. An example of such actions may be provided by Smolnica, which over a greater part 
of its course has been transformed into fishing ponds and retention basins, while at short stretches of flowing 
waters, environmental conditions are strongly modified about the period before damming. Retention reservoirs 
constructed on Smolnica have caused watercourse fragmentation with all its negative consequences.

Deterioration of environmental conditions in the watercourses analyzed was manifested in substantial modi-
fications affecting macroinvertebrates and ichthyofauna.

In Strumień Kiszewski, the decrease in the number of invertebrate species was as high as fivefold, along with 
almost complete elimination of rheophilic stenobionts and a simultaneous appearance of previously unreported 
eurytopic organisms. A similar direction of changes caused by many beaver dams on a small watercourse was 
presented in a study by  Rowe34, who observed a decrease in species diversity of aquatic macroinvertebrates, an 
increase in diversity of terrestrial organisms, and changes in trophic relations. In turn, Strzelec et al.63, Bylak 
et al.64, and Bylak and Kukuła39 reported a positive effect of beavers on invertebrate species diversity when 
investigating upland and mountain streams, thanks to the alternating sections of flowing and stagnant waters. 
The contrary results and conclusions regarding the influence of beaver dams most likely result from different 
landscape features, among which the slope and the associated flow velocity are decisive.

In Smolnica, similar changes in the species structure of benthic macroinvertebrates were also recorded; how-
ever, they were not as drastic as in Strumień Kiszewski. The extensive literature on the subject shows that dams, 
as well as all hydraulic structures, have a negative effect on the number of species, density, and biomass of benthic 
 invertebrates26,32,65–67. The fast water current immediately below the damming washes out aquatic organisms, 
while sanding and silting of the bottom on further reach results in transforming their species composition. In 
the summer, an increase in temperature and a decrease in oxygen content limit the potential for the survival of 
particularly sensitive organisms. Townsed et al.68, Genkai-Kato et al.69, and Liu et al.67 found a definite negative 
correlation between temperature and oxygen in the summer and the density of Plecoptera and Ephemerop-
tera. Among invertebrate fauna, stoneflies (Plecoptera) are especially valuable in terms of high environmental 
 requirements70.  Kazanci71 also showed a lack of tolerance of species from the genus Simulium to an increased 
temperature and the absence of vegetation in the transitional zone.

The results presented in this study are consistent with the observations mentioned above. Immediately below 
the damming on Smolnica, no representatives of Plecoptera, Ephemeroptera, or Simuliidae were found, while 
previously unreported taxa, i.e., Asellidae, Sphaeriidae, and Oligochaeta, were recorded.

The species composition of ichthyofauna in the watercourses analyzed in the 1960s may be considered as 
reference for clean lowland streams with the dominance of species with high environmental  requirements48. The 
most endangered fish species of those described in this paper area are bullhead (Cottus gobio), European brook 
lamprey (Lamperta planeri), and native brown trout (Salmo trutta m. fario)6.

The study, repeated after 50 years under disturbed equilibrium, showed a complete transformation of assem-
blages benefitting eurytopic species. No fish were found in Strumień Kiszewski within the area of beaver ponds, 
while below the damming, out of all the indicator species, only the European brook lamprey was caught. Simul-
taneously stagnophilic species appeared, which is consistent with observations reported by Hägglund and Sjö-
berg72, who confirmed that adequate environmental conditions for cyprinids are created after the construction 
of a beaver dam.

The complete disappearance of the brown trout, reported during this study, clearly indicates a negative role of 
beavers; however, analysis of the literature on the subject does not provide grounds for such definite  conclusions35. 
Numerous authors think that the presence of beaver dams has a positive effect on ichthyofauna, both qualitatively 
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Figure 5.  The faunistic similarity of ichthyofauna in the qualitative (a) and quantitative (b) terms.



9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:15578  | https://doi.org/10.1038/s41598-023-42555-7

www.nature.com/scientificreports/

and quantitatively. Kemp et al.33 reported that this is the opinion of most of the 49 experts from North America 
and Europe who were surveyed. Thanks to their activity, beavers indirectly cause an increase both in watercourse 
fertility and in the number of ecological niches and shelters, increasing the fish  population35,37,43,60,62,73,74. Even 
more, far-reaching conclusions were drawn by  Grasse58 and  Andonaegui59, who stated that beaver activity has a 
positive effect on the growth and production of salmonids while reintroducing that species may be a cost-effective 
method to improve habitats for salmon and lake brown trout. In upland and mountain streams of south-eastern 
Poland, the greatest density, percentage, and body size of brown trout were observed within beaver ponds, while 
in fast-flowing stream sections, only fry was  found60,74. The same study shows that after the introduction of bea-
vers, the condition of ichthyofauna in a stream degraded by forest tending operations improved considerably.

Virbickas et al.61, when investigating Lithuanian lowland streams, found no differences in terms of the number 
of fish species or the diversity indicator between stretches located upstream and downstream of beaver dams; 
however, eurytopic species such as the roach and the perch, in contrast to litophilic species, dominated primarily 
upstream of the dam.

Negative opinions on beaver activity refer mainly to water stagnation, deterioration of physicochemical 
parameters, disturbed migration, and reduced areas of spawning grounds due to their  sanding33. In lowland 
streams, a negative effect of beaver dams was observed in the results of sea trout stocking. After watercourse dam-
ming, fewer fry were caught compared to the period with no beaver  activity42. Beaver dams also prevent upstream 
fry migration while causing deterioration of environmental conditions. Hägglund and Sjöberg72 thought that 
beaver recolonization of small watercourses leads to the depletion of natural spawning grounds for salmonids. 
Pollock et al.40 reported a reduction of brown trout fry amounting to as much as 60%. No redds are found over 
the entire length of backwater upstream of the  dams75.

Results from the cited literature sources show that the degree of the negative impact of beavers on ichthyo-
cenoses depends first of all on the location and character of the watercourse as well as species density and the 
number of dams over a given stretch of the river, which has to be taken into consideration in species protection 
plans. Research results confirm that this impact could definitely be negative in the case of small lowland water-
courses at a sequence of several beaver damming.

In Smolnica, from the stenotypic species, only the European brook lamprey was found at least 1 km down-
stream of the damming. Only gudgeons and roaches were found over the entire stream stretch. Depletion of 
lithophilic species is observed primarily in the case of river stretches upstream of  damming5,26. The roach, being 
eurytopic, is frequently dominant in degraded watercourses, while the degree of dominance may be an indica-
tor of the level of aquatic system  transformation1,6,27,29,76. The brown trout and the bullhead are very sensitive 
to changes in environmental  parameters77–81, which was confirmed by the results of studies conducted by the 
authors of this paper. Here an increase in water temperature, sanding of gravel pits, as well as a reduced mosaic 
pattern of microhabitats following the construction of retention basins has resulted in the disappearance of 
these two fish species.

The results presented in this paper allow us to confirm the formulated hypotheses. Both the presence of 
retention reservoirs and the uncontrolled growth of the beaver population, in the case of small lowland streams 
cause far-reaching, negative changes in abiotic and biotic factors.

In view of the authors’ own research results, presented against the backdrop of world literature, there is a 
question of the validity of unlimited one-species protection and the construction of as many, large in relation to 
the size of the watercourse, retention reservoirs on such valuable natural objects. Any decision on the execution 
or rejection of a planned action interfering with aquatic ecosystems needs to be based on assessing benefits and 
losses connected with the attained objectives, including nature conservation. When a decision is made, it is nec-
essary to select solutions, making it possible to reach assumed goals while simultaneously protecting all nature 
 resources3,82. In the authors’ opinion, adopting a holistic approach to the problem, comprising all its aspects, 
would have prevented the damage. In the case of Strumień Kiszewski, monitoring the beaver population may have 
facilitated actions limiting its growth and, as a result, would have provided grounds for a significant reduction of 
the resulting habitat transformation. Similarly, constructing only one retention basin on Smolnica would have 
combined priorities of technical small retention and protection of valuable hydrobiont species.

We hope that the case described in this study will introduce changes in the public outlook on nature conser-
vation and will prevent similar erroneous actions in the future.

Data availability
The datasets generated and analyzed during the current study are available from the corresponding author on 
reasonable request.

Received: 20 March 2023; Accepted: 12 September 2023

References
 1. Humpl, M. & Pivniĉka, K. Fish assemblages as influenced by environmental factors in streams in protected areas of the Czech 

Republic. Ecol. Freshw. Fish 15, 96–103 (2006).
 2. Freyhof, J. & Brooks, E. European Red List of Freshwater Fishes (Publications Office of the European Union, 2011).
 3. Wiśniewolski, W. & Gierej, A. Regulacja rzek a ichthyofaunal—skutki i środki zaradcze [River channeling and inchthyofauna - 

effects and countermeasures]. Users of fisheries 2011—Status of Polish inland fisheries. Conference of the Polish Angling Associa-
tion, Spała 2011. Roczniki Naukowe PZW (2011).

 4. Jakubiński, J. The human impact on the current hydromorphological states of small watercourses in the Czech Republic. Ecohydrol. 
Hydrobiol. 14, 313–322 (2014).

 5. Piria, M. et al. Long-term analysis of fish assemblage structure in the middle section of the Sava River—the impact of pollution, 
flood protection, and dam construction. Sci. Total Environ. 651, 143–153 (2019).



10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:15578  | https://doi.org/10.1038/s41598-023-42555-7

www.nature.com/scientificreports/

 6. Przybylski, M. et al. Riverine fish fauna in Poland. In Polish River Basins and Lakes—Part II. Biological Status and Water Manage-
ment. The Handbook of Environmental Chemistry (eds. Korzeniewska, E. & Harnisz, M) (Springer, 2020).

 7. Millennium Ecosystem Assessment Synthesis Report (MA). https:// www. mille nnium asses sment. org/ en/ index. html (UN, 2005).
 8. Ward, J. V. Riverine landscapes: Biodiversity patterns, disturbance regimes, and aquatic conservation. Biol. Conserv. 83, 269–278 

(1998).
 9. Alberti, M. The effects of urban patterns on ecosystem function. Int. Reg. Sci. Rev. 28(2), 168–192 (2005).
 10. Jermaczek, A. Ochrona przyrody—między utopią a pragmatyzmem. Nature conservation—between utopia and pragmatism. 

Przegląd Przyrodn. XX 3–4, 3–11 (2009).
 11. Mahlum, S., Kehler, D., Cote, D., Wiersma, Y. F. & Stanfield, L. Assessing the biological relevance of aquatic connectivity to stream 

fish communities. Can. J. Fisher. Aquat. Sci. 71(12), 1852–1863 (2014).
 12. Riley, W. D. et al. Small water bodies in Great Britain and Ireland: Ecosystem function, human-generated degradation, and options 

for restorative action. Sci. Total Environ. 645, 1598–1616 (2018).
 13. Ilnicki, P. et al. Ecological quality classes of river hydromorphology in Poland. J. Water Land Dev. 14, 15–27 (2010).
 14. Lewandowski, P. Polish Investigations on River Hydromorphology. Pol. J. Environ. Stud. 21(4), 957–965 (2012).
 15. Penczak, T. et al. Regeneracja ichtiofauny Bzury i Neru po ograniczeniu dopływu zanieczyszczeń przemysłowych. Fish fauna 

regeneration of the Bzura and Ner rivers after industrial sewage reduction. ROCZNIKI NAUKOWE PZW (Rocz. Nauk. PZW). 
Sci. Annu. Polish Angling Assoc. 25, 85–93 (2012).

 16. Joniak T. [red.]. Ocena stanu śródlądowych wód powierzchniowych. Przewodnik do badań terenowych i laboratoryjnych [Evalu-
ation of status of inland surface waters. In A key to field studies and laboratory analyses]. UAM (Poznań, 2015).

 17. Pawłowski, A. Barriers in introducing sustainable development—ecophilosophical point of view, Problemy ekorozwoju. Probl. 
Ecodevelop. 2(1), 59–65 (2007).

 18. Lange, K. et al. Basin-scale effects of small hydropower on biodiversity dynamics. Front. Ecol. Environ. 16(7), 397–404 (2018).
 19. Boon, P. J. & Raven, P. J. River Conservation and Management (Wiley, 2012).
 20. Stringer, A. P. & Gaywood, M. J. The impacts of beavers Castor spp. on biodiversity and the ecological basis for their reintroduction 

to Scotland, UK. Mammal Rev. 46(4), 270–283 (2016).
 21. Pereira, H. M., Navarro, L. M. & Martins, I. S. Global biodiversity change: The bad, the good, and the unknown. Annu. Rev. Environ. 

Resour. 37, 25–50 (2012).
 22. Chucholl, C. The bad and the super-bad: Prioritizing the threat of six invasive aliens to three imperiled native crayfishes. Biol. 

Invas. 18, 1967–1988 (2016).
 23. Cudmore, B. Ecological risk assessment of grass carp (Ctenopharyngodon idella) for the Great Lakes basin. Do Can. Sci. Advis. Sec. 

Res. Doc. 118, 115 (2017).
 24. Osborne, B. A. & Gioria, M. Editorial: Biological invaders: Always the bad guys?. Front. Ecol. Evol. 10, 1075476 (2022).
 25. Wawręty, R. & Żelaziński, J. Środowiskowe skutki przedsięwzięć hydrotechnicznych współfinansowanych ze środków Unii Europe-

jskiej. In Environmental impact of hydraulic engineering project co-financed by the EU. Report by Towarzystwo na rzecz Ziemi and 
Polska Zielona Sieć. Towarzystwo na rzecz Ziemi (Oświęcim-Kraków 2007).

 26. Mazurkiewicz-Boroń, G. & Starmach, J. Konsekwencje przyrodnicze przegradzania rzek. Ecological consequences of building 
water bars. Chroń. Przyrodę Ojczystą 65(2), 83–92 (2009).

 27. Golski, J., Przybył, A., Mazurkiewicz, J., Andrzejewski, W. & Trawinski, J. Habitat variability and fish species structure in Konczak 
stream. Oceanol. Hydrobiol. Stud. 39, 83–98 (2010).

 28. Bain, M. B. & Wine, M. L. Testing predictions of stream landscape theory for fish assemblages in highly fragmented watersheds. 
Folia Zool. 59(3), 231–239 (2010).

 29. Mueller, M., Bierschenk, A. M., Bierschenk, B. M., Pander, J. & Geist, J. Effects of multiple stressors on the distribution of fish 
communities in 203 headwater streams of Rhine, Elbe, and Danube. Sci. Total Env. 703, 134523 (2020).

 30. Buisson, L., Blanc, L. & Grenouillet, G. Modeling stream fish species distribution in a river network: The relative effects of tem-
perature versus physical factors. Ecol. Freshw. Fish. 2007, 1–14 (2007).

 31. Łaszewski, M. Summer water temperature of lowland Mazovian rivers in the context of fisheries management. Arch. Polish Fish. 
24, 3–13 (2016).

 32. Czerniawski, R., Sługocki, Ł, Krepski, T., Wilczak, A. & Pietrzak, K. Spatial changes in invertebrate structures as a factor of strong 
human activity in the bed and catchment area of a small urban stream. Water 12(3), 913 (2020).

 33. Kemp, P. S. et al. Qualitative and quantitative effects of reintroduced beavers on stream fish. Fish. Fish. 13, 158–181 (2012).
 34. Rowe, A. The Influence of Beaver Dams on Animal Communities of Streams and Surrounding Riparian Zones (The University of 

Chicago, 2016).
 35. Bylak, A. & Kukuła, K. Living with an engineer: Fish metacommunities in dynamic patchy environments. Mar. Freshw. Res. 69, 

883–893 (2018).
 36. Wojton, A. & Kukuła, K. Transformations of benthic communities of in forest lowland streams colonised by Eurasian beaver Castor 

fiber (L.). Int. Rev. Hydrobiol. 106, 131–143 (2021).
 37. Bird, B., O’Brien, M. & Petersen, M. Beaver and climate change adaptation in North America. In A simple, cost-effective strategy 

for the National Forest System. Report by Wild Earth Guardians, Grand Canyon Trust, the Lands Council (2011).
 38. Puttock, A. Eurasian beaver activity increases water storage, attenuates flow, and mitigates diffuse pollution from intensively-

managed grasslands. Sci. Total Environ. 576, 430–443 (2017).
 39. Bylak, A. & Kukuła, K. Impact of fine-grained sediment on mountain stream macroinvertebrate communities: Forestry activities 

and beaver-induced sediment management. Sci. Total Env. 832, 155079 (2022).
 40. Pollock M. M. et al. Beaver as engineers: Influences on biotic and abiotic characteristics of drainage basins. In Linking Species and 

Ecosystems (eds. Jones C. G. & Lawton J. H.) 117–126 (Chapman and Hall, 1995).
 41. Rosell, F., Bozser, O., Collen, P. & Parker, H. Ecological impact of beavers Castor fiber and Castor canadensis and their ability to 

modify ecosystems. Mammal Rev. 35, 248–276 (2005).
 42. Domagała, J., Czerniawski, R., Pilecka-Rapacz, M. & Kesminas, V. Do Beaver Dams on Small Streams Influence the Effects of Trout 

(Salmo trutta trutta) Stocking? Middle Pomeranian Scientific Society of Environment Protection. Środkowo-Pomorskie Towarzystwo 
Naukowe Ochrony Środowiska. Annual Set Environment Protection. Rocznik Ochrona Środowiska 15, 96–106 (2013).

 43. Collen, P. & Gibson, R. J. The general ecology of beavers (Castor spp.), as related to their influence on stream ecosystems and 
riparian habitats, and the subsequent effects on fish—a review. Rev. Fish Biol. Fish. 10, 439–461 (2001).

 44. Baker, B. W. & Hill, E. P. Beaver (Castor canadensis). In Wild Mammals of North America: Biology, Management, and Conservation, 
2nd ed (eds. Feldhamer, G. A. et al.) 288–310 (The Johns Hopkins University Press, 2003).

 45. Burchsted, D., Daniels, M., Thorson, R. & Vokoun, J. The river discontinuum: Applying beaver modifications to baseline conditions 
for the restoration of forested headwaters. Bioscience 60, 908–922 (2010).

 46. Westbrook, Ch. J., Cooper, D. J. & Anderson, Ch. B. Alteration of hydrogeomorphic processes by invasive beavers in southern 
South America. Sci. Total Environ. 574, 183–190 (2017).

 47. Evans, D. Building the European Union’s Natura 2000 network. Nat. Conserv. 1, 11–26 (2012).
 48. Iwaszkiewicz, M. Biogenity of lowland streams as the basis for their development. Roczniki WSR w Poznaniu 24, 73–107 (1965).
 49. Shannon, C. E. A mathematical theory of communication. Bell Syst. Tech. J. 27(3), 379–423 (1948).

https://www.millenniumassessment.org/en/index.html


11

Vol.:(0123456789)

Scientific Reports |        (2023) 13:15578  | https://doi.org/10.1038/s41598-023-42555-7

www.nature.com/scientificreports/

 50. Krebs, Ch. J. Ekologia. In Eksperymentalna analiza rozmieszczenia i liczebności [Ecology. Experimental distribution and population 
size analyses] (Wydawnictwo Naukowe PWN (Warszawa, 2001).

 51. Bis, B. & Mikulec, A. Przewodnik do oceny stanu ekologicznego rzek na podstawie makrobezkręgowców bentosowych. In [A key to 
evaluation of ecological status of rivers based on benthos macroinvertebrates]. Inspekcja Ochrony Środowiska (Biblioteka Monitoringu 
Środowiska Warszawa 2013).

 52. Balon, E. Epigenesis of an epigeneticist: The development of some alternative concepts on the early ontogeny and evolution of 
fishes. Guelph Ichthyol. Rev. 1, 1–42 (1990).

 53. Prus, P., Wiśniewolski, W. & Adamczyk, M. Monitoring ichtiofauny w rzekach. In Przewodnik metodyczny [Monitoring of ich-
thyofauna in rivers. A course book on methodology]. Inspekcja Ochrony Środowiska. Biblioteka Monitoringu Środowiska (Warszawa 
2016).

 54. Jaccard, P. Nouvelles recherches sur la distribution florale. Bull. Soc. Vandoise des Sci. Nat. 44, 223–270 (1908).
 55. Biesiadka, E. Hydracarina. In: Wróblewski A. (red.) The bottom fauna of heated Konin Lakes. Monogr. Fauny Polski 7, 281–350 

(1977).
 56. Magurran, A. E. & McGill, B. J. Biological Diversity: Frontiers in Measurement and Assessment (Oxford University Press, 2011).
 57. Mirek, Z., Piękoś-Mirkowa, H., Zając, A. & Zając, M. Flowering plants and pteridophytes of Poland: A checklist. In Polish: Krytyczna 

lista roślin naczyniowych Polski. Instytut Botaniki PAN im. Władysława Szafera w Krakowie (2002).
 58. Grasse, J. E. Some trout-raising alternatives irrigation ditches and beaver ponds. Salmoni 3, 12–15 (1979).
 59. Andonaegui, C. Salmon, steelhead and bull trout habitat limiting factors water resource inventory area 48. In Washington State 

Conservation Commission, Olympia (Washington 2000).
 60. Bylak, A., Kukuła, K. & Mitka, J. Beaver impact on stream fish life histories: The role of landscape and local attributes. Can. J. Fish. 

Aquat. Sci. 71, 1603–1615 (2014).
 61. Virbickas, T., Stakėnas, S. & Steponėnas, A. Impact of Beaver dams on abundance and distribution of anadromous salmonids in 

two lowland streams in Lithuania. PLoS ONE 10, 4 (2015).
 62. Cambell-Palmer, R. et al. The Eurasian Beaver Handbook: Ecology and Management of Castor Fiber (Pelagic Publishing, 2016).
 63. Strzelec, M., Białek, K. & Spyra, A. Activity of beavers as an ecological factor that affects the benthos of small rivers—a case study 

in the Żylica River (Poland). Biologia 73, 577–588 (2018).
 64. Bylak, A., Szmuc, J., Kukuła, E. & Kukuła, K. Potential use of beaver Castor fiber L., 1758 dams by the Thick Shelled River Mussel 

Unio crassus Philipsson, 1788. Molluscan Res. 40, 44–51 (2020).
 65. Wolter, Ch. et al. Review on ecological response to hydromorphological degradation and restoration. Restoring rivers FOR effective 

catchment Management. In Seventh Framework Programme 1–119 (2013).
 66. Bertrab, M. G., Krein, A., Stendera, S., Thielen, F. & Hering, D. Is fine sediment deposition a main driver for the composition of 

benthic macroinvertebrate assemblages?. Ecol. Ind. 24, 589–598 (2013).
 67. Liu, S. et al. Different roles of environmental variables and spatial factors in structuring stream benthic diatom and macroinver-

tebrates in Yangtze River Delta, China. Ecol. Ind. 61, 602–611 (2016).
 68. Townsend, C. R., Hildrew, A. G. & Francis, J. Community structure in some southern English streams: The influence of physico-

chemical factors. Freshw. Biol. 13, 521–544 (1983).
 69. Genkai-Kato, M. et al. A seasonal change in the distribution of a stream-dwelling stonefly nymph reflects oxygen supply and water 

flow. Ecol. Resourc. 20, 223–226 (2005).
 70. DeWalt, R. E. & Ower, G. D. Ecosystem services, global diversity, and rate of stonefly species descriptions (Insecta: Plecoptera). 

Insects 10, 99 (2019).
 71. Kazanci, N. Ordination of Simuliidae and climate change impact. Acta Entomol. Serb. Suppl. 2006, 69–76 (2006).
 72. Hägglund, Å. & Sjöberg, G. Effects of beaver dams on the fish fauna of forest streams. For. Ecol. Manage. 115, 259–266 (1999).
 73. Mitchell, S. C. & Cunjak, R. A. Stream flow, salmon and beaver dams: Roles in the structuring of stream fish communities within 

an anadromous salmon dominated stream. J. Anim. Ecol. 76, 1062–1074 (2007).
 74. Kukuła, K. & Bylak, A. Ichthyofauna of a mountain stream dammed by beaver. Arch. Polish Fisher. 18, 33–43 (2010).
 75. Taylor, B. R., MacInnis, C. & Floyd, T. A. Influence of rainfall and beaver dams on upstream movement of spawning Atlantic 

salmon in a restored brook in Nova Scotia, Canada. River Res. Appl. 26(2), 183–193 (2010).
 76. Wolter, C. & Vilcinskas, A. Perch (Perca fluviatilis) as an indicator species for structural degradation in regulated rivers and canals 

in the lowlands of Germany. Ecol. Freshw. Fish. 6, 174–181 (1997).
 77. Tomlinson, M. L. & Perrow, M. R. Ecology of the bullhead. Conserving natura 2000. Rivers Ecol. Ser. 4, 19 (2003).
 78. Vlach, P., Duŝek, J., Švatora, M. & Moravec, P. Fish assemblage structure, habitat, and microhabitat preference of five fish species 

in a small stream. Folia Zool. 54(4), 421–431 (2005).
 79. Elliot, J. M. Periodic habitat loss alters the competitive coexistence between brown trout and bullheads in a small stream over 34 

years. J. Anim. Ecol. 75(1), 54–63 (2006).
 80. Valová, Z., Jurajda, P. & Janáč, M. Spatial distribution of 0+ juvenile fish in differently modified lowland rivers. Folia Zool. 55, 

293–308 (2006).
 81. Vlach, P., Švátora, M. & Dušek, J. The food niche overlap of five fish species in the Úpor brook (Central Bohemia). Knowl. Manag. 

Aquat. Ecosyst. 411, 04 (2013).
 82. Prus P., Popek Z., Pawlaczyk P. Good practice of river maintenance. In World Wide Fund for Nature (Warszawa, 2018).

Author contributions
We declare that the co-authors listed above meet all the criteria, i.e. they have substantial contributions to this 
work, drafted and approved the manuscript, and agree to be accountable for all aspects of the publication. Con-
tribution of authors: J.G.—developed the concept, conducted research, wrote the main manuscript text; W.A.—
conducted research, wrote the main manuscript text; M.U.—conducted research, wrote the main manuscript text; 
S.R.—conducted research, wrote the main manuscript text; K.D.—performed statistical analyses; L.G.—prepared 
figures. All authors reviewed the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

www.nature.com/reprints


12

Vol:.(1234567890)

Scientific Reports |        (2023) 13:15578  | https://doi.org/10.1038/s41598-023-42555-7

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

http://creativecommons.org/licenses/by/4.0/

	Pro-ecological and conservation activities are not always beneficial to nature: a case study of two lowland streams in Central Europe
	Material and methods
	Results
	Changes in environmental conditions in analyzed watercourses. 
	Changes in the macrozoobenthos species structure. 
	Changes in the ichthyofauna species structure. 

	Discussion
	References


